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(71) We, KABUSHIKI KAISHA 
KURARAYj formerly Kurashiki Rayon 
Kabushiki Kaisha, of 1621, Sakazu, Kurashiki 
City, Japan, a Company organised according 

5 to the laws of Japan, do hereby declare the 
invention, for n^ch we pray diat a patent 
may be granted to us, and die method by 
which it is to be perfomied, to be particu- 
. larly described in and by .the following 

10 statement: — 

The present invention relates to porous 
adsorbent materials conasting essentially of 
a polyvinyl acetal resin and a particulate 
adsorbent or a mixture of adsotbents, qption- 

15 ally containing an inorganic filler. The inven- 
tion also relates to a process for manufacturing 
such a material. 

Adsorbents, such as acdve cacbon, have 
generally been used in the form of a powder, 

20 granules or tablets and it has been impossible 
to shape them into desired shapes such as 
sheets, string, pipes or rods by extruding or 
moulding, using techniques applicable to 
plastics materials. Therefore, these adsorbents 

25 must be used packaged in perforated cases 
to avoid their loss. However, in practice diis 
proves inconvenient and also renders more 
difficult the desorption of the adsorbents with 
steam to regenerate their adsorptive ability. 

30 The adsorbait materials of the present 
invention may be manufactured in the form of 
a flexible sheet, which can be rolled up, or 
in the form of granular moulding materials 
which can give any desired shape by com- 

35 pression moulding. Moreover, the adsorbent 
materials have a continuous porous .structure, 
which affords a wide field of application which 
was not available with conventional adsorbent 
materials. 

40 Thus, die present invention consists in an 
adsorbent material having a continuous porous 
structure, which comprises a imiform dis- 
persion of particulate active carbon in a poly- 



vinyl acetal resin, the amount of active carbon 
being from 0.5 to 20 parts by weight per part 45 
by weight of said resin. The materkls may 
be prepared using the polyvinyl acetal resin 
as a binder for the active carbon adsorbent 
and utilising a wet<oagulation technique. 
Specifically, the adsorbent is introduced into 50 
a solution of the zesin m a water-misdble 
solvent in an amount of from 0.5 to 20 parts 
by wei^t per part weight of the resin 
and the resulting mixture is mixed e.g. 
kneaded to give a fluid mixture, which is tiien 55 
put into the desired shape if required and con- 
tacted with an aqueous coagulation liquid to 
effect wet-coagulation and thus obtain the 
adsorbent material of the invention. 

The structure of the material of the present 60 
invention is referred to herein as "continuous 
porous" : by this we mean that the structure 
comprises a plurality of interconnected pores 
defining continuous capillaries, so that the 
material is rendered permeable to fluid and 65 
so that the particles of active carbon adsorbent 
are available to the fluid. 

Examples of suitable polyvinyl acetal resins 
include water-insoluble resins such as poly- 
vinyl formal resin, polyvinyl acetal resin itself 70 
and polyvinyl butyral resin. These resins 
should preferably have a degree of acetaliza- 
tion of at least 50 mol %, and the most desir- 
able resin is polyvinyl formal resin. We have 
found that, in order to produce suitable 75 
adsorbent materials, it is necessary to use these 
resins and that otiier resins, sudi as poly- 
styrene, polyvinyl diloride, polyethylene and 
polyurethanes, are imsuitable. 

The polyvinyl acetal resin of the present 80 
invention is prepared by reacting a polyvinyl 
alcohol with an aldehyde, sudi as form- 
aldehyde, aoetaldehyde or butyraldehyde. The 
percentage of the total number of hydroxyl 
gratis of the polyvinyl alcohol whidi have 85 
been condensed witii the alddiyde to form 
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acetal bonds (e.g. formal, acetal itself or 
buQrral bonds) is referred to herein as the 
degree of acetalization. In the case of poly- 
vinyl formal, the degree of acetalization is 

5 also referred to as the degree of formalization. 
Included among the poylvinyl formal 
resins which may be employed in iht present 
invention are water^insohible resins having a 
degree of formalization of not less than 50 mol 

10 % and which may be prepared by f onnalizing 
polyvinyl alcohols (including partially saponi- 
fied polyvinyl acetate) or by saponifying and 
tfien formalizing polyvinyl acetate. In the 
present invention, Ae binder resin is prefer- 

15 ably a high hydrcrphilic polyvinyl formal resin. 
In preparing die adsorbent material, the 
polyvinyl acetal resin is used in the form of 
a solution in a water-miscible solvent By 
immersing a mixture of the resin and the 

20 active carbon adsorbent in an aqueous 
coagulating solution to effect wet coagulations 
the resin binder is pemiitted adequately to 
coat the particulate adsorbent or particulate 
mixture of adsorbent and filler, thus making 

25 it possible to add large amounts of filler to 
the adsorbent material and to provide 
adsorbent materials having fine microporous 
structures. 

The choice of the water-miscible solvent for 
30 the polyvinyl acetal resin depends upon the 
type of resin. As the solvent may be used 
an aqueous solution of inozganic salts, although 
the inorganic salts themselves have no solvent 
function. 

35 When polyvinyl formal resin is used, the 
solvent is suitably an add such as formic or 
acetic add, a concentrated aqueous solution 
of formic add, acetic add or hyorodiloric add, 
an aqueous soiudon of zmc dilpride (prcfer- 

40 ably of concentration 25 — 35%), an aqueous 
solution of sodium or potassium tiiiocyanate 
(preferably of concoitration 30 — 65%), 
dimethyl formamidc, dimethyl acetamide, 
dioxane, tetrahydrofuran, dimetiiylsulphoxide, 

45 ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, etiiylene glycol, 
diethylcne glycol or aqueous solutions thereof. 
For polyvinyl acetal resin, water-misdble 
lower alcohols sudi as methanol and ethanol 

50 may be used as the solveat in addition to those 
solvents specified for polyvinyl formal resin. 
For polyvinyl butyral resin, acetic add, a con- 
centrate aqueous solution of acetic add, 
me&anol, ethanol, isopropanol, «-propanol, 

55 w-butanol, acetone, dioxane or ethylene glycol 
monomethyl ether may be used as tiie solvent 
While Ae solution of polyvinyl acetal resin 
in the water-misdble solvent may be pre- 
pared by merely dissolving said resins in the 

60 above solvents, the preparation of a polyvinyl 
aoetal resin solution by acetal formation or 
saponification followed by acetal formation, 
for example;, of polyvinyl alcohol or poly- 
vinyl acetate dissolved in aqueoizs solution of 
65 acetic add or zinc chloride is preferred in the 



commerdal practice. The concentration of 
polyvinyl acetal resin m said solution is varied 
dependhig upon the amount of adsorbent -to 
be added, but is generally in the range of from 
4 to 20 percent ^0 

The amount of the adsorbent to be added 
must be from 0.5 to 20 parts by wdght per 
part by weight of polyvinyl acetal resin so 
as to give suffident adsorptive ability to the 
thus obtained adsorbent materials, it is also 75 
necessary in order to retain the strengdi or 
mouldability of the adsorbent materials. 

The adsorbents used in the present inven- 
tion are the various forms of active carbon, 
e.g. bcne-bladc and activated charcoal, used 80 
dther alone or in admixture with a non- 
adsorbent, preferably inorganic, filler, such as 
a calciimi sulphate mineral, induding plaster 
of Paris and gypsum, or with short fibres. 
These adsorbents are used in particulate form, 85 
preferably in the form of powders or granules, 
and those adsorbents having a wide particles 
size distribution are particularly preferred. 

In a preferred embodiment of this inven- 
tion, the adsorbent material is prepared from 90 
a polyvinyl acetal resin as binder, having 
uniformly dispersed therethrough active carbon 
adsorbent and a non-adsorbent inorganic 
filler, die adsorbent being present m an 
amount of from 0 J to 8 parts by weight per 95 
part by weigjit of resin and the filler being 
present in an amount of from 0.5 to 10 parts 
by wdght per part by weight of said resin. 
This material is prepared in the man/er 
described above by mixing the adsorbent and 100 
the non-adsorbent filler with a solution of the 
resin and dien bringing the resulting viscous 
flm'd blend into contact with an aqueous 
coagulating solution, thereby effecting wet 
coagulation of the resin. 105 

Tht effidency of adsorption can be 
improved by the combined use of the adsorboit 
and the non-adsorbent inorganic filler and for 
this reason it is preferred to use the con> 
bination of the two. When an inorganic fiDer 110 
is used, it is preferred that the upper limit on 
the amount of adsorbent should be 8 parts by 
weight per part by weight of resin. 

Generally, the particulate adsorbent used 
alone can produce a satisfactory adsorbent 115 
material, however, because the surfaces of 
the adsorfjent partides are coated with a thin 
film of the polyvinyl aoetal resin, the adsorp- 
tive capacity of die adsorbent is somewhat 
reduced and correspondingly the effidency of 120 
adsorption of the resulting adsorbent material 
material is correspondingly decreased. The wet 
coagulation method alone, when used for 
solidifying a polyvinyl acetal resin, will pro- 
duce a resin having a microporous structure, 125 
but the degree of micioporosity thus adiieved 
is not very high when iht wet coagulation is 
carried out on the resin alone, without the 
presence of any additional solid matter. How- 
ever, the addition of a non-adsorbent inorganic 130 
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filler will increase the degree of microporosity 
in the product obtained in proportion to ^e 
amount of the filler added^ with the result 
that the article formed will become highly 
5 permeable to liquids, gases and moisture, Thn% 
the combined use of the particulate adsorbent 
and the non-adsorbent inorganic particulate 
filler gives a better adsorptive efficiency than 
is achieved by the use of the adsorbent alone. 

10 Although, when using a filler, the adsorbent 
particles are still coated with a film of die 
polyvinyl acetal resin, this resin has achieved 
a greater degree of microporosity as a result of 
the addition of the particulate inorganic non- 
15 adsorbent filler and thus the adsorptive capa- 
city of the adsorbent particles can more easily 
be fully used. 

The amount of non-adsorbent inorganic par- 
ticulate filler to be added is suitably chosen 

20 depending upon the amount of particulate 
adsorbent which is to be used widi it The 
upper and lower limits are determined in the 
same way as those for the adsorbent. For 
example, in order for the non-adsorbent filler 

25 to be at all effective in enhancing the micro- 
porosity of the polyvinyl acetal resin, the lower 
limit for the amount of filler is 0.5 parts by 
weight an preferably 1 part by weight per part 
by weight of polyvmyl acetal resin. The upper 

30 . limit is usually 10 parts, preferably 8 parts, 
by weight per part by weight of the lesin 
in order to maintain the strength, mouldability, 
foxmability and ease of handling of the 
resulting adsorbent material. 

35 Preferably the non-adsorbent fillers used in 
. the invention are of such particle size that 
they all pass 50 mesh (ASTM) or finer sieves, 
^camples of suitable inorganic powdery fillers 
include: calcium sulphate minerals such as 

40 plaster of Paris and gypsum, diatomaceous 
earth, clay, banum sulpl^te, titanium oxide, 
aluminium oxide, antimony oxide, calcium 
sih'cate, aluminium silicate, calcium cad)onate, 
barium carbonate, pearlite and sericite. Of 

45 these, plaster of Paris, gypsum, barium 
sulplmte and titanium oxide are the most 
desirable. 

The particle size of the adsorbent to be 
used is suitably chosen depending upon the 

50 type of adsorbent material it is desired to 
prepare, generally the adsorbent selected is 
a powdery, granular, or partly powdery and 
pardy granular substance having a particle 
size distribution in the range of 20 to 400 

55 mesh (ASTM). 

In addition to the adsorbent and die fiUer, 
if used, the adsorbent mateiials may contain, 
where desired, a suitable amount of ^ort 
fibres, colourants viz. pigments or dyes, modi- 

60 fying resins^ softening agents plastidsers and/ 
or other additives. In partiouar, sliort fibres 
serve to make the resultmg formed adsorbent 
materials softer or more flexible and stronger. 
Included among die short fibres wfaidi are 

65 suitable for use are such short inorganic fibres 



as asbestos fibre and glass fibre. Other fibres 
which may be used include cellulosic short 
fibres such as cotton linter and viscose staple 
fibres (in particular, staple fibres for paper 
making) and various synthetic fibres such as 70 
fibres of polyethylene,, polypropylene, poly- 
vinyl chloride, polyamides and polyesters. 
These short fibres are added to the composi- 
tions at the stage where the fluidized mixture 
is prepared for subsequent forming as by 75 
moulding or shaping. Usually, die amount of 
short fibre added is preferably not more than 
equivalent to the amount of polyvinyl acetal 
resin. 

The solution of polyvinyl acetal resin in the 80 
water-miscible solvent e.g. the aqueous solu- 
tion, which is blended with the adsorbent or 
mixture of the adsorbent and inorganic filler 
is preferably a viscous fluidized mixture which 
is capable of being moulded or otherwise 85 
shaped into various forms. Upon treatment 
in the aqueous coaguktmg bath, it forms a 
shaped artide having a ccHitinuous micro- 
porous structiffe. This is made possible with.- 
out any spedat foaming treatment by liie 90 
nature of the resin itsetf and by the process of 
wet coagulation. In order to increase the 
porosity of the material, the fluidized mixture 
may be furdsa* treated to cause it to produce 
or ccmtain! bubbles. Any of the conventional 95 
process may be used for this treatment of the 
fluidized matexial, for example, by blowing a 
gas sudh as air or carbtm dioxide into the 
fluidized mass or by adding thereto in the 
presence of an add a compound which will 100 
produce a gas in die presence of an add^ such 
as caldum carbonate, sodium caxbonate, 
aluminimn or zinc, and thereaft5er subjecting 
the fluidized material to wet coagulation. 
Alternatively, the foaming in the fluidized 105 
state of the composition into which has been 
incorporated the foaming agent may be 
inhibited and the foaming caused to occur in 
the coagulation bath, thereby further mcreas- 
ing the porosity of die resulting adsorbent 110 
material 

If a polyvinyl acetal resin is dissolvol in • 
a water-soluble solvent and the resulting solu- 
tion is mixed and filled with an inorganic 
adsorbent or granules of a non-adsoAent 115 
powdery filler and die mixture is coagul^ited 
by a wet process in an aqueous coagulating 
bath, the solidified lesin exhibits an exodlent 
covmng effect upon die inorganic powdery 
or granular substance, thus finnly gripping the 120 
inorganic powder or pulveiant material filled! 
therein. Therefore, die adsorbent materials 
of the present inventicm may be immersed in 
water or other liquid ot may be vigorously 
jwassed with heavy rubber rollers while the 125 
artides arc wet or in water, with no danger of 
the adsorbent filler or inorganic filler being 
driven out <^ the products. Hiese artides may 
be treated with warm or hot water (or even 
with boiling water) widi no advene after 130 
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effect. With these features, die adsorbent 
materials according to the presait invention 
can be wadied and subjected to activation 
treatments such as deposition and removal of 
5 the adsoiptivc with considerable case and 
repeatedly. This is a very important advantage 
for the adsorbent materials of die invention. 

The coagulation of the fluidized mixture is 
accomplished by bringing it into contact with 

10 an aqueous coagulating soluticm, after the 
mixture has been shaped or while it is being 
shaped. In certain cases the mixture may be 
solidified by exposure to steam. In this case, 
the steam is condensed to a liquid and con- 

15 sequentiy, after all, the mixture is solidified 
in an aqueous coagulating bath. The porous 
adsorbent materials of the invention usually 
take the forms of sheets^ belts, lengdiy sheets 
in rolls, fibres, various moulded shapes, 

20 granules and lumps. In exceptional cases, the 
fluidized mixture may be solidified by wet 
coagnlaticnx over a substrate such as papa*, 
film, sheet, net, woven or nonwoven doth, in 
siKh a manner that simultaneously with 

25 coagulation diese substrates are integrated 
widi the adsorbent materials to form complex 
bodies. As special embodiments of adsoibent 
materials of die invention, netting, woven or 
nonw o ven doifa, fibres, or sliveis may be 

30 embedded as backing in such adsorbent 
materials. 

Typical procedures for forming and 
foagul ^tf Tig adsorbent nmtezials in accordance 
with the mventioiL are exemplified as follows. 

35 Where a sheet-like jwoduct is to be dat ained^ 
it is desirable to cast the fluidized mixtmre 
in a die to form a sheet mtegrally over a 
plastic^ 0ass or metal plate or over an end- 
less belt, and then dip it in an aqueous 

40 coagulating bath to efiFect coagulation.^ In 
order to obtain a granular or lumpy, particu- 
late, product, for example^ the fluidized mix- 
ture is generally dropped in the form of 
granules or lumps into the coagulating bath. 

45 In die present process the aqueous 
coagulating solution to be used is eidier water 
. or an aqueous solution of an add, salt, or 
water-soluble organic compound, v/hidx is 
heated if necessary. Hie desirable tanperature 

50 of the coagulating bath is not lower tiian 
30«*C, ftteferably in the range of 50° to 

The adsorbent material obtained by the 
present invention is a porous, prrferably 

55 microporous, artide faaned ci a polyvinjd: 
acetal r«in filled widi rdativefy large amounts 
of powdery or granular active carbon 
adsc^ent or a mixture of adsc»:bent and a 
non-adsorbent inoiganic filler in partide fbim 

60 The apparent speafic gravity of the product 
is largdy dictated by &e types and amounts 
of die adsorbent filler and the non-adsorbent 
filler to be used and by ^edier a foaming 
treatment is resorted to or noti but it is usually 

65 between about 0.1 and 1.1 at 15**C The 



product is flexible for the rdatively laigo 
amount of the inorganic substance contained. 
For example the produa in the fonn of a 
long shee^ is somenmes flexible enoug^i to be 
rolled up with ease. It has been found diat 70 
the flexibility and softness of the adsorbent 
artides thus prepared in accordance with the 
present invention increase in proportion to 
die increase in the amount of the non- 
adsorbent inoiganic filler in powder form that 75 
is added to the composition. 

The continuous porous structure of the 
adsorbent material thus obtamed ensures good 
g3s, moisture and liquid permeabilities and 
also a remarkable liquid adsorWng effect. 80 
These features enable the product to have 
excdlent adsorptive capacity for gaseous and 
liquid phases. Furthermore, the polyvinyl 
acetal resin emplo]^ as the binder imparts 
a high thermal plasticity to the adsorbent 85 
material and permits various hot working of 
the product^ for example, embossing, form- 
ing with heat and pressure, and shaping with 
heat. Thus, the adsorbent materials accord- 
ing to the invention are flexible and are soft, 90 
espedally when moist, and therefore have 
many unusual a{^cations. For example, 
sheet-like products may be wound around 
pipes in tise. 

As exemplary modes of use of the 95 
adsorbent matenals according to the inven- 
tion, it is possible to make a sheet of 
adsorbent material and then reduce it on a 
crusher or pulverizer into granules of 
adsorbent material. It is further possible to 100 
mould the granular adsorbent material with 
heat and piessure to form artides of various 
desired Sizpes, or to sjttinkle an adhesive of 
bmder over the mass of adsorbent granules 
and then mould it and dry die moaldmgs to 105 
obtain varioudy shaped artides. 

The applicatioas for die adsorbent materials, 
of the invention indude removal by adsorp- 
tion of impurities or objectionable substances 
£rom gases and liquids and also recoveiy of 110 
various substances by adsorption. More 
specifically, die adsorbent materials are useful 
in deodorizing materials in the vapour or 
liquid phase, removal of impurities by filtra- 
tion of gases and liquids, and recovery by 115 
adsorption of gases and liquids. 

The invention is further illustrated by the 
following Examples, in whidi, unless other- 
wise specified, all parts and percentages are 
by weight and medi sizes are based on the 120 
A.S.TJVI. standard sieve. 

Example 1 

A homogeneous mixture conasting of 10 
parts of a cam|detdy saponified polyvinyl 
alcotud (d^ree of polymerisation 1700), 5.6 125 
parts of formaldehyde, 8 parts of sulphuric 
add, 45 parts of acetic add and 31.4 parts of 
water. The polyvii^l alcdiol was then 
formalized by heatmg at 73^C for 5 hours, 
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whereby a traDsparent, viscous poljnrinyl 
f<mnal i^in sohmon was obtained. The 
degree of formalizatioii of the polyvinyl 
alcohol was 80 mol %. 

5 The resinous solution was diluted with 70 
parts <tf a 70% aqueous solution of acetic 
add and 92 parts of activated charcoal of 
partide ^ze 30-^120 mesh (about 8 times the 
weight of polyvicQrl f oimal resin) was added 

10 to die solution at a temperatuie ol 40 — 6QPC. 
The mixture was dien kneaded and cooled 
to a tempeiatore of 20 — 25°C After codl- 
ings 0.15 part of metallic aluminium powder 
of partide size 70 fi was added to the mx- 

15 ture as a blowing agent and die miictupe was 
extruded into sheeting on an endless belt. 
The resultant sheet was immersed in an 
aqueous coagulation badi containing 1 5 % 
acetic add and about 1.5% sulphuric add 

20 at a tsemperature of 65 — 80PC in order to 
wet-coagulate the polyvinyl formal resin and 
simultaneously cause blowing. Since the tem- 
perature of the fluid mixture before coagula- 
tion was less than 25°C, the reaction of the 

25 metallic aluminium and sulphuric add was 
inhibited and no substantial blowing occurred 
by generation of hydrogen gas, however, when 
the sheet was dipped into the coagulation 
bath, the temperature was raised and 

30 hydxY>gen generation occurred^ with con- 
sequent blowing. 

The resultant sheeting, after washing with 
warm water and drying, was about 2 mm in 
thidoiess, black in colour, soft^ highly fiex- 

33 ible and varied from micro-porous to normally 
porous. It had a specific gravity of 0.30—0.40 
at 15°C. The shating omsisted (rf approxi- 
mately 90% activated diaicoal and had excel- 
lent HqukL zetention» gas penneabili^, Hquid 

40 pennednlity and ac^(»ptive properties. 

Tliis Meeting was compared with granular 
activated diaicoal of grain size 2 — 3 mm for 
adsorptive ability and rate of desorpdon. 
The adsorptive ability was compared by 

45 measuring the amount of equOibnum adsorp- 
tion by introducing benzene-saturated air at 
50^Q widi the following results: 

Adsorptive sheet of Example 1, 

46 ^/100 g sampie) 
50 Control (granular activated diarcoal), 

48 (g/100 g samjde) 

The desorption rate was con^)ared for the 
percentage of desMbed benz^E in respect of 
adsorbed benzene after introducing diy air 
55 at 50^ C to the sami^ v^diich had adsorbed' 
benzene until equilibrium canditi<His had been 
reached, ios 30 minutes, with the following 
results: 

Adsorptive sh^ting of Exan^e 1 72% 
60 Control (granular activated char- 
coal) 51% 



The adsorbent materials obtained by the 
invention diow, as shown above, littie dija^er- 
ence in adsorptive ability fr<Hn granular 
activated charcoal, whereas the desoiption 65 
rate of the former far exceeds that of the 
latter, and it is clear that the adsorbent 
materials of the invention have consideraKi 
us^ulness induding much variety in tiieir 
manner of application. 70 

The activated diarcoal in the form of 
tablets in vMch resins are used as a binder 
generally deteriorates in adsorptive abiilty^ 
^^e in the inventicHS^ notwithstanding tiiat 
X>ol3nrinyl aoetal redn is used as a binder, 75 
die adsorptive ability of the adsorbent 
material does not deteriorate, presimiably 
because of the continuous fine porous struc- 
ture resulting from the coagulation method 
and the hydrophilic i»operties of polyvinyl 80 
acetal resins. 

Example 2 

A polyvinyl butyral solution of concentra- 
tion &% was prepared by dissolving a poly- 
vinyl butyral resin (degree of butyralization 85 
about 67 mol % and average d^ee of poly- 
merization about 1^000) in aqueous isopropyi 
alcohol containing 5% water and activated 
charcoal of grain si^ 50 — 150 mesh was 
added in an amount 8 times the amount of 90 
resin. The niiixture was then kneaded to form 
a fluid material whidi was moulded into the 
form of a sheet by casting on & g^ass plate. 
This was thai immersed in an aqueous solu- 
tion containing 10 — 20% isopropyi alcdiol 95 
at 35— 45°C to effect wet coagulation. The 
resultant Meeting was dien dried and was 
found to be 1 — 3 mm thick with fine poriK 
and had an apparent specific gravity of 0.48 
at 15°C. It also exhibited excellent adsorptive 100 
properties. 

The adsorbent materials in which polyvinyl 
butsnral resin is used are almost equal to 
materials containmg polyvinyl formal resin 
in adsorptive ability and water permeability 105 
but are inferior In diennal properties. 

Example 3 

An adsorbent sheet having continuo\is 
porous structure was obtained in a manner 
suitable to that of Example 1, except that, 110 
in lieu of 92 parts of activated charcoal 
powder, 60 parts of a mixture of activated 
diarcoal of grain size less than 200 mesh 
and diatomaceous eartii of 50 — 100 mesh was 
used. The product had an apparent specific 115 
gravity of 0.27. 

Example 4 
A polyvinyl acetal resin solution was pre- 
pared by the mediod described in Example 1 
in ^^di aoetaldehyde was used instead of 120 
formaldeh3^e, and, in a manner exacdy the 
same as that of Example 1, adsorbent dieet- 
ing consisting mamly of activated charcoal 
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and polyvinyl acetal resin as a binder was 
obtained; The resultant sheet had a perform- 
ance substantially samfe as when polyvinyl 
resin was used. 

5 Example 5 

An 8% solution of polyvinyl formal resin in 
dioxane was produced by dissolving polyvinyl 
formal resin having a degree of formalization 
of 84 mol % in aqueous dioxane containi ng 

10 10% water. 40 Parts of activated charcoal 
powder having a particle size of 50 — ^200 mesh 
were Aen added to 100 parts of said solution 
and the mixture was then kneaded. This mix- 
ture was moulded into sheet and immersed in 

15 warm water to effect wet coagulation of the 
polyvinyl formal^ whereby an adsorbent sheet- 
ing having fine pores was obtained. 

Example 6 
A viscous polyvinyl foimal (degree of 

20 formalization 79 mol %) solution was pro- 
duced by the reaction between a mixture of 
completely saponified polyvinyl alcohol having 
a poljmierization degree of lj700 formalin (a 
formalizing agent) and sulphuric add (c^- 

25 lyst) in a 40% aqueous solution of zmc 
chloride. The solution was dien diluted widi a 
40% aqueous solution of zinc chloride. 
Activated charcoal powder having a grain size 
of 50—150 mesh was added to said solution 

30 in an amount of 5 parts by weight per part 
by weight of the resiii. The mixture was 
kneaded to produce a fluid substance. A small 
amount of cotton was added to die fluid sub- 
stance and kneaded at 40— 50°C The mixture 

35 was then moulded into sheeting which was 
further immersed in an aqueous coagulation 
liquid containing 13% zinc chloride for 
coagulation. The resultant sheeting had con- 
tinuous fine ports and an apparent specific 

40 gravity of 032 at 15*^C It had excellent 
adsorptive properties, and was soft when 
wetted with water. 

Example 7 
The fluid mixture prepared by adding 

45 metallic aluminium to activated charcoal in 
Example 1 was passed dirougji a perforated 
metal plate down into warm water for wet- 
coagulation, andj after washing and drying, 
an adsorboit material in lumps 3—8 mm 

50 dia of apparent specific gravity of about 0.35 
at 15®C was obtained. 

This material was spread on a metallic 
plate having a frame and subjected to a 
"diennal compression process between two 

55 heated metallic plates at 105— 120^0 to make 
an adsorbent material in plate form about 
12 mm tfaidc and having an apparent specific 
gravity of about 0.68 at 15®C. 

Example 8 

60 A transparent viscous polyvinyl fbimal solu- 
tion was obtained by die reaction in a homo- 



geneous mixture of 10 parts of completely 
saponified polyvinyl acetate (poljmesizsLtxon 
degree 1,700), 5.6 parts of formaldehyde, 8 
parts of sulphuric add (catalyst), 45 parts of 65 
acetic add, and 31.4 parts of water at a 
reaction temperature of 73 °C for 4 hours. By 
this reaction, 10 parts of saponified poly- 
vinyl acetate converted into 11 parts of poly- 
vinyl formal, and the degree of formalization 70 
achieved was about 86 mol %. 

Next, this resin solution was mixed and 
diluted with 70 parts of an aqueous solution 
of acetic add of concentration 60%. The 
diluted solution was kept at a temperature '5 
of between 50° and 60°C and mixed first 
with 38.5 parts (or about 3.5 times the amount 
of polyvinyl formal resin) of dried gypsum 
dihydrate having a particle size ranging from 
10 to 50 microns (powdery non-adsorbent w 
inorganic filler), and was then mixed with 
38.5 parts (about 3.5 times the amount of the 
polyvinyl formal resin) of powdery and 
granular active carbon having a particle size 
ranging from 40 to 120 mesh as the powdery 85 
and granular adsorbent. Thus a fluidized mix- 
ture whidi could be subsequently shaped to 
various articles was prepared. 

(A) Tlie nuxtuie was cast into sheet form 
oven an endless polypropylene belt using a 90 
die, and die resultant sheet was dipped in an 
aqueous coagulating soludon containing 20% 
acedc add and 1% stdj^uric add at a bath 
temperature of 80°C thereby effecting wet 
coagulation. The coagulation time was 12 95 
minutes. After coagulation, the product in the 
form of a long sheet was washed with warm 
water, neutraSzed widi an alkali, wa^ed 
again, treated with boiling water, and then 
dried. The sheet so obtained was a fairly 
strong and flexible long sheet product having 

a microporous structure, gray in coloin: and 
having a thickness of about 1.9 mm and an 
apparent specific gravity of about 0.63 at 
15°C. 

(B) On the odier hand, a fluidized mixture 
of the same composition as above separately 
prepared by the same procedure was cooled 
to 20 — ^30°C., 0.15 part of metallic aluminium 
powder (having an average particle size of HO 
70 microns) was added as a foaming agent 

and thoroughly mixed with the mixture, and 
then, in the same manner as in (A) above, 
the mixture was shapai into a sheet, solidified 
(for a coagulation period of about 10 nMnutes), 115 
washed, and dried to a sheet form. The result- 
ing sheet was a long sheet-like article having 
a thickness of about 2 J mm and an apparent 
specific gravity of about 0.55 at 15°C and 
was grey in color. It* comprised a porous 120 
structure having considerable strength and 
flexibility. It could be rolled up. In procedure 
(B), the metallic alumininm powder (foaming 
agent) was added to the mixture;, but the 
reaction mA. sulj^nric add to produce gas 125 
was inhibited ^niOe the mixture was in 
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. fluidized state because it was at the compara- 
tively low temperature of between 20° and 
30°C. Thus, practically no foaming occurred 
at this stage. The mixture was spread over a 

5 belt in a sheet form and heated in a coagulat- 
ing bath at SO^Q when, for the first time, gas 
was produced and foaming took place. 'Die 
wet coagulation proceeded simultaneously with 
the foaming, TTie active carbon content of 

10 this sheet product was about 43% by weight. 
The adsorptive capacity of tiie adsorbent 
material obtained by the produce (B) above 
was determined. The results are given below: 

Adsorbed gas Adsorption rate 
15 Ammonia gas 27.5% 
Acetic acid gas 29.1% 
Acetaldchyde gas 37.0% 

(Note) : Adsorption rates are the values deter- 
mined after adsorption at 5(PC for 30 
20 minutes, expressed as a percent by wei^t 
of eadi adsoibed gas on the basis of the 
total weight of the ^eet 
The sheet exhibited outstanding adsorptive 
capacity for benzene gas, petroleum gas (b.p. 
25 80«>— 100°C) and chlorine gas, as well as for 
the gases listed above. 

'Since this adsorbent material has continuous 
xnicroporosity porosity, it has not only a good 
adsorption capacity but also a high adsorp- 
30 tioii velocity. It has the further merits of hi^ 
desorption rate and desorption velocity. 
Furthermore, the product is excellentiy 
capable of removing odours (or adsorbing a 
bad smelling substance) from the atmosphere. 

35 Example 9 

Generally in aocordmice with procedure (B) 
of Example 8, active carbon (40—120 mesh) 
was added to a poljnrinyl formal resin in an 
amoimt of three parts by weight per part by 

40 weight of the latter, and, as a non-adsorbent 
inorganic powdery filler, a mixed powder 
(gypsum rtitaniimi oxide=70:3D by wei^t) 
was added to the polyvinyl formal resin in 
an amount of 1.5 parts by wei^t per part by 

45 weigjht of the resin. The mixture was 
thoroughly mixed to a fluidized mixture, and 
the mixture was formed and solidified to a 
sheet-like adsorbent material in the same way 
as above described. 

50 The product showed adsorbent properties as 
good as those of the product prepared by pro- 
cedure (B) of Example 8. 

Example 10 
(Generally in accordance with procedure 
55 (B) of Example 8, active carbon powder 
Oisnite) of from 100 to 300 mesh was added 
to a polj^vinyl formal resin in an amount 
equivalent to the weight of tiie resin, and 
gypsum (CaSO* . 2H2O) having a particle size 
60 of 5 to 50 microns was added tiiereto in an 
amount of 7 parts per part of the polyvinyl 



formal resin. An adsorbent article in the form 
of a sheet was made in the same way as 
described in Example 8. The resulting sheet 
had a thickness of about 2 mm and an 65. 
apparent specific gra\dty of about 0.63 at 
15°C The active carbon content of the sheet 
was as low as 11%, and yet the sheet 
exhibited good adsorption capacity for acetic 
add, acetaidehyde, formaldehyde, ammonia 70 
and hydrogen diloride. 

Example 11 
A fluidized mixture prepared in accordance 
with procedure (B) of Example 8 was placed 
in a round container having a diameter of 75 
15 cm and dipped in water at 70^C so as 
to solidify the fluid materiaL The wet- 
coagulated matter was washed with warm 
water and dried, when a dish-like porous 
adsorbent article having a diameter of about 80 
14.5 cm and a thickness of about 8 mm was 
obtained. 

Example 12 

Using the fluidized material prepared by 
procedure (B) of Example 8, an adsorbent 85 
material was made in the following manner. 

Nonwoven cloth of polyvinyl chloride fibres, 
about 9 nun in thickness, was dipped in the 
fluidized mixture and passed througfh rubber 
rolls, thereby forcing the fluidized mixture 90 
thorougjily into the nonwoven doth, and 
finally the impregnated doth was led tiirough 
rubber rolls having a certain nip to remove 
excess mixture from the cloth. The doth was 
dipped in an aqueous coagulating batii con- 95 
taming 20% acetic add and 2% sulphuric 
add to effect wet coagulation of die mixture 
thereon. Next, the doth was washed with 
warm water, neutralized with an alkali, rinsed, 
washed with boiling water, and dried. The 100 
product was a porous adsoibent material 
having a tiiickness of about 10 mm and an 
apparent specific gravity of about 0.43. It was 
strong and considerably flexible. Witit excd- 
lent liquid permeability, the product proved 105 
highly useful as an adsorbent-filler for liquids 
and gases. 

Example 13 
A fluidized mixture prepared in accordance 
with procedure (B) of Example 8 was dropped 110 
through holes in a perforated plate into hot 
water for wet coagulation to small lumps. The 
lumps were washed and dried, when an 
adsorbent material in the form of granules 
and lumps about 2 to 6 mm in diameter and 115 
an apparent specific gravity of about 0.50 at 
15°C was obtained. This material was placed 
in a metal die and cast mder heat and pres- 
sure at 120°C so that tiie granules and lun^s 
were put together mto an adsoibent plate. 120 

Example 14 
Into a polyvinyl formal resm solution pre- 
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pared in the same manner as described in 
Example 8 were incorporated 40 to 200 
active carbon in an amount of five times me 
weight of the polyvinyl formal resin, gypsom 

5 powder (C^SO^ . 2H.O, particle size between 
5 and 50 microns) in an amount of four tmi^ 
the weight of the polyvmyl formal resin, and 
paper-making staple fibres having lengths of 
3 mm as fibrous filler in an amount of 0.5 

10 times the weight of die polyvinyl formal rean. 
With the addition of a suitable amount of a 
60% aqueous solution of acetic add, the mix- 
ture was agitated while its viscosity was 
adjusted to prepare a fluidized mixture to be 

15 subsequendy shaped. Thereafter, generally m 
coSfonnity widi procedure (B) of Example 8, 
the mixture was shaped, foamed, and 
coagulated to form a sheet-like adsorbent 
article. The sheet was dien crushed and ground 

20 on a crusher, and the powder dius separated 
was removed by screemng to obtain a ^anular 
adsorbent material rangmg in particle size 
from 5 to 20 mesh. Next, the granid^ 
adsorbent material was sprayed and spnnMcd 

25 widi a suitable amount of a synthetic rubber 
latex solution as a bmder, charged into a 
cylindrical metallic container and dried at 
70°C. The granules were united altogether 
in one piece and gave a cylindric^ a^orbent 

30 article. This article was a ^gjily gas 
permeable adsorbent material bavmg an 
apparait specific gravhy of about 0,40 at 
150c. It was useful as an adsorbent for use 
in a cartridge widi die metallic contauier. 

35 Example 15 

A polyvinyl formal resm having a poly- 
merization degree of about 1,200 and a 
formalization degree of 80 mol % was dis- 
solved in dimediyl formamide to a resm con- 

40 centration of 8%. To die polyvinyl formal 
resin solution dnis prq)ared were added an 
equal amount of acdve carbon produced ftom 
lignite and having a particle size of from 
100 to 300 me^ 4 parts by weight of 100 to 

45 200 mesh activated vAite clay, 1.5 parts by 
weight of gypsum powder having a particle 
size of 5 to 50 microns and 0.5 part by weight 
of about 200 mesh powdery bentonite, as 
morganic fillers (all on the basis of the weight 

50 of the polyvinyl formal resin used). The com- 
ponents were diorougfaly mixed and siutably 
diluted to a desired viscosity. The flmdiz^ 
mixture prepared in diis way was shaped, 
solidified, washed and dried, in die same 

55 manner as described in procedure (B) of 
Example 8, when a sheet-lite adsorbent 
mateMl resulted. This artide displayed most 
desirable properties as an adsorbent-filler for 
liquids. 

60 Example 16 

A polyvinyl formal resin having a poly- 
merization d^ree of 1,700 and a formaliza- 
tion degree of about 85 mol % ^ dissolved 



in an aqueous acetic add solution having a 
concentration of 60%, to a resin concentra- o5 
tion of 10%. To die polyvinyl formal resm 
solution this pr^ared were added 1.5 parts 
by weight of 80 to 200 mesh active carbon, 
1 5 parts of 100 to 200 medi activated white 
clay, and an equal amount of fine titanium 70 
oxide powder as a non-adsorbent inorgamc 
powdery filler (all on the basis of the wdght 
of the polyvinyl formal resm used). The com- 
ponents were thorou^y mixed to pr^are a 
fluidized mixture to be subsequendy shaped. 75 

Next, die mixture was extruded at a con- 
stant rate through a hole having a diameter 
of 1.5 mm. The mixture was extruded mto 
an aqueous coagulation bath and drawn 
through die bath to produce a string. The 80 
product obtained upon washing and drying 
was a stringy adsorbent material. It was use- 
ful as an adsorbent-filler for gases and liquids. 
When the string was padded into a cylindrical 
container comprising perforated plates on top 85 
and bottom^ it exhibited very good hqmd 
permeability and gas permeability and also 
an excellent adsorption capadty. 

Example 17 

A sheet-like product, about 2.5 mm thick, 90 
which was made by procedure (B) of Example 
8, was crushed on a crusher, and the powder 
was screened off and a granular material 
having a particle size of about 7 to 12 mesh 
was collected. The granular material was 95 
dipped in an aqueous solution with a concen- 
tration of 5% polyvinyl alcohol, carboxy 
methyl cellulose, or urea formaldehyde resin 
(initial condensate), or in an emulsion (latex) 
of a synthetic rubber or syndietic resm havmg 100 
a concentration between 10 and 40%, 
squeezed li^tiy and dried so diat the granules 
were sized with one of these resms to retam 
the mumte partides thereof. The material 
treated in this way was a granular porous 105 
adsorbent material, and the product accord- 
mg to die process of the present mvention 
was useful as a granular adsorbent. 

WHAT WE CLAIM IS:— 

1. An adsorbent material havmg a cour lio 
tinuous porous structure, which comprises^ a 
ynifnTtn dispersion of particulate active 
carbon in a polyvinyl acetal resm, the amount 

of active carbon being from 0.5 to 20 parts 

by wdght per part by wdght of said resm.^ 115 

2. An adsorbent material according to claim 

1, in which the amount of said active carbon 
is from 0.5 to 8 parts by wd^t per part 

by wdght of said resin. , . t/iA 

3. An adsorteit matmal acconhng to daun izw 

2, additionally comprising from 0.5 to 10 
parts by wd^t of a non-adsorbent filler per 
part by weigjit of said resin, said filler being 
uniformly dispersed dirough said resin. ^ 

4. An adsorbent material according to daun 125 

3, in wMdi said filler is inorganic. 
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5. An adsorbent material according to daim 
4, in whidb said filler is gypsum. 

6. An adsorbent material according to claim 
4j in which said filler is a calcium sulphate 

5 mineral, diatomaceous eardi, clay, barium 
sulphate, titanium oxide, aluminium oxide, 
antimcmy oxide, calcium silicate aluminium 
silicate, caldimi carbonate, barium carbonate, 
pearlite or seriate. 

10 7. An adsorbent material according to any 
one of the preceding claim, in which said 
polyvinyl acetal resin is poljrvinyl formalr 

8. An adsorbent material according to any 
one of claims 1 to 6, in which said poly- 

15 vinyl acetal resin is polyvinyl acetal itself or 
polyvinyl butyral. 

9. An adsorbent material according to any 
one of the preceding daims, in which said 
resin has a degree of acetalization of not less 

20 than 50 mol %. 

10. An adsorbent material according to any 
one of the precedii^ claims, in which said 
active carbon is activated diarcoal or bone- 
black. 

25 11. An adsorbent material according to any 
one of the preceding daims, havii^ a specific 
gravity of from 0.1 to 1.1 at 15*=*C. 

12. An adsorbent material according to 
daim 1, substantially as hereinbefore described 

30 with rrference to any one of the forgoing 
Examples. 

13. A process for producing an adsorbent 
material luiving a continuous porous structure, 
whidi comprises mixing a solution of a poly- 

35 vinyl acetal resin in a water-misdblc solvent 
witii from 0.5 to 20 parts by weight per part 



by weight of said resin of active carbon to 
produce a homogeneous fluid mixture and 
coagulating said mixture in an aqueous 
coagulation bath to produce said material. 40 

14. A process according to claim 13, in 
whidi said solution is mixed witili from 0.5 
to 8 parts by wei|^t per part by weight of 
said lesm of said active carbon. 

15. A process according to daim 13, in 45 
which said solution is additionally mixed with 
from 0,5 to 10 parts by weight of a particulate 
filler, per part by wd^t of said resin, prior 

to coagulation of said mixture. 

16. A process according to daim 15, in 50 
which said particulatet filler is g3rpsum. 

17. A process according to any one of daims 
13 to 16, in v^ch said poljmnyl acetal resin 
is a polyvinyl formal 

18. A process according to claim 13, applied 55 
to the manufacture of an adsorfjent material 
according to any one of claims 1 to 12. 

19. A process according to daim 13, sub- 
stantially as hereinbefore described. 

20. An adsorbent material whoi prepared 60 
by the process of any one of claims 13 to 

19. 

21. An adsorbent material according to any 
one of claims 1 to 12 or 20 in the form of a 
sheet. 65 

22. An adsorbent material according to any 
one of claims 1 to 12 or 20 in the form of a 
granule. 

MARKS & CLERK, 
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